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S1 Effects of toehold and double-stranded DNA length on reaction speed
We characterized the kinetics of DNA double-stranded strand exchange by varying the length of toeholds t and a doublestranded domain length n (sequences are in Table S7 and Table S8 ). The progress of double-stranded strand exchange was assayed using a fluorophore-labeled reporter that stoichiometrically interacts with the input. We fit the data from each set to a bimolecular rate law; the best fit rate constants varied over four order of magnitude from 1.4*10 1 /M/s to 8.2*10 5 /M/s as the toehold length increased from 4 nt to 10 nt and the double-stranded domain length decreased from 22 bp to 10 bp.
Supplementary Fig S1.
In vitro analysis of the impact of varying toehold and double-stranded domain length on reaction kinetics. The length of toeholds t and double-stranded region domain length ds are indicated in each graph. Reactions were performed in 1x Trisacetate-EDTA buffer containing 12.5mM Mg 2+ (1x TAE/Mg 2+ ) at 25°C. Reporter complexes were at 3x; input complexes were added at 0.2x, 0.4x, and 0.6x (the standard concentration is indicated in each graph).
S2 Characterization of 4-way strand exchange in vitro
We used nucleic acids of different chemistries to synthesize inputs and reporters (sequences are in Table S4 and Table S5 ) and measured reporter activation in vitro. We observed that covalent modifications affect the strand exchange kinetics, and specifically backbone modifications, such as phosphorothioate bonds, slowed down the reactions (Fig. S2b) . The strand exchange reaction were decreased further when the gates were incubated in 1x PBS rather than in Tris-acetate-EDTA buffer containing 12.5mM Mg 2+ (1x TAE/Mg 2+ ). Moreover, the strand exchange speed slightly decreased when the double-stranded region is 22-bp rather than 16-bp. Interactions between the input and the reporter result in the separation of the strand bearing the fluorophore (TYE665) from the quencher (Iowa Black RQ). b, In vitro kinetics of 4-way strand exchange reaction with different probe chemistry. Complexes with 6-nt toeholds and 16-bp double-stranded regions were mixed in 1x TAE/Mg 2+ (i) or in 1x PBS (ii) at 37 C. Complexes with 22-bp double-stranded regions were mixed in 1x TAE/Mg 2+ (iii) or 1x PBS (iv) at 37 C. Reporter was at 1x (50nM), and input was at 3x. Solid traces are from measurements with reporter and input; dashed traces are from measurements with reporter only.
S3 In vitro interaction test between input and reporter using different transfection reagents
To check if gates can interact before entering the cells, we incubated the reporter and the input separately with several different transfection reagents (as described in the method of co-transfection) and tracked their fluorescence in vitro. We found that except Lipofectamine 2000 (L2K), other tested transfection reagents could not prevent the interaction between the input and the reporter in this assay (Fig. S3) . Therefore, all of the co-transfection experiments in this paper were performed using L2K except where otherwise indicated.
iii, Lipofectamine LTX iv, X-tremeGENE 9 DNA Supplementary Fig S3. In vitro mixing experiments. a, Complex1 and complex2 were separately incubated with transfection reagents for 20 minutes and only subsequently mixed. The experiments were performed in Opti-MEM (a modification of Eagle's Minimum Essential Media that allows a reduction of Fetal Bovine Serum, no phenol red) at 37 C. Complex1 was at 1x (50 nM) and packaged using 2 uL transfection reagent; complex2 was at 3x (150 nM) and packaged using 3 uL transfection reagent. The complexes used in the positive control (red), the negative control (black), and the test case (green) are detailed in the table. b, In vitro kinetics of gate activation using (i) Lipofectamine 2000, (ii) RNAiMax, and (iii) Lipofectamine LTX, (iv) X-TremeGENE 9 DNA.
S4 Impact of length of the double-stranded domain and the incubation time on reporter activation in cells.
We compared reporter activation using gates with double-stranded domains of 16-bp or 22-bp are in CHO K1 cells 6 hours and 22 hours post-transfection (Table S4 and Table S5 , respectively). Our in vitro results showed that increasing the doublestranded domain slowed the strand exchange kinetics, which should also impact the system performance in cells. We found that double-stranded regions, 16 bases long, improved the efficiency of strand displacement after 6 hours of incubation, while at longer incubation times, such as 22 hours, decreased the efficiency compared with 22 bp. Increasing the length of the double-stranded region of the gates affects reporter activition in cells. We constructed two input-reporter systems, one with a double-stranded domain of 16 bp and the other with a length of 22 bp (a and b, respectively); the toeholdscontained a constant sequence and length (6 bases). We transfected cells as described in the material and methods and measured fluorescence at 6 and 22 hours (i. and ii., respectively). Error bars represent the standard deviation of at least two experiments. Data is normalized to the inactive reporter samples for each nucleic acid chemistry.
S5 Time-course of reporter activation
To investigate the kinetics of strand exchange in cells, we co-transfected reporter and input to HeLa cells, and the cells were fixed and imaged at different time points post delivery. 
S6 3-color negative controls
To verify that the reporter activation that we observed in cells was due to strand exchange reactions, we performed control experiments. Strand exchange should not proceed unless both the toeholds and the double-stranded region of both the reporter and input are complementary. The data below are consistent with this expectation, neither an input that bears orthogonal toeholds nor one that has a mismatched double-stranded domain are able to activate the reporter. To ensure that the transfection efficiency is similar, we labeled the input and reporter with additional fluorophores (ATTO488N and TYE563, respectively).
To compensate for signal bleed-through from one channel to another, we processed the data as described in Fig. S23 .
a Three-color 4-way strand exchange controls Table S6 . b. Histograms of cell count versus fluorescent signal for the indicated channels. The data was processed as described in Fig. S23 . The black lines represent the mean value. The indicated gates (or control RNA) were co-transfected into cells via Lipofectamine 2000 transfection (as described in the materials and methods section).
S7 4-way strand exchange quenching reaction
In addition, we also tested strand displacement reactions that result in quenching of the reporter (instead of activation) within cells following co-transfection of the gates.
a Three-color 4-way strand exchange, reporter quenching S8 Stability of 2'OMe RNA complexes in endosome-mimicking buffer conditions
We performed a series of studies using 2'OMe RNA-based gates in buffer conditions that mimic different cellular environments; specifically, the extracellular media (pH 7.2), early endosomes (pH 6.0) and lysosomes (pH 5.0). We measured the stability of reporters at those conditions for two hours, and then added inputs to initiate strand exchange reactions, which resulted in a fluorescence increase. We measured this signal for an additional 4 hours, confirming their stability (Fig. S8) . Both 2'OMe RNA quenched reporters and activated reporters were stable in all studied environments. The stability of gates in all conditions was similar to that observed under control conditions (TAE/MgCl 2 buffer at pH 8.3). Supplementary Fig S8. Strand exchange reactions between 2'OMe RNA gates were not sensitive to pH levels that mimic various biological environments: from mild extracellular media to the harsher lysosome compartment. 15 minutes after the beginning of the measurement, we added the quenched reporter. The fluorescence signal of the gate was stable in all conditions. Two hours and fifteen minutes after the beginning of the experiment we added the input gate. Reporter activation was similar in all buffers. After full activation of the reporter gate, the fluorescence signal and therefore the newly formed complexes, were stable during the rest of the measurement period (6 hours) S9 Cell viability following transfection of 4-way strand exchange gates
We used a fluorescent live-cell impermeant DNA stain (SYTOX Green dead cell stain, Life Technologies) to measure the number of cells with damaged membranes following transfection. More damaged/dead cells were observed in the treated samples, and the modest increase was mostly due to the transfection reagent, rather than the nucleic acid chemistry. Cell viability following transfection of gates a. Cells were co-transfected with gates composed of the indicated nucleic acid chemistry for four hours and then incubated in regular growth media for an additional two hours. Cells that were heat-killed were treated with trypsin and then incubated in 1x PBS + 2% FBS at 65 ºC. We measured both the cell viability (FL1 channel-green), and the reporter activation (FL4-far-red). The black lines indicate the median and mean for the green and far red signals, respectively. b. Median intensity of fluorescence in each condition. All samples are normalized to the untreated, stained control. c. Average reporter activation from the same set of experiments. Data is normalized to the inactive reporter for each nucleic acid chemistry. d. Error bars represent the standard deviation of at least two experiments.
S10 Sequential transfection
We then used an alternative transfection method, sequential transfection, to investigate the impact of covalent modifications on reporter activation. We first transfected the reporter into cells. Two hours later, we washed cells twice in 1x PBS, and we transfected the input into the cells. The general trend of reporter activation upon sequential transfection was similar to that observed upon co-transfection (2'OMe RNA achieved the best on/off ration), but with reduced efficiency (S10b).
Why does the transfection regime affect the efficiency of reporter activation? To investigate this, we measured the delivery efficiency of 2'OMe RNA reporter and input with constitutive fluorophores into every cell. As in Figure 2 , we plotted each cell as a function of their input and reporter fluorescence (Fig. S10c) . We observed a lower transfection efficiency compared to co-transfection, which might result from our use of a different transfection reagent (RNAiMAX). The delivery efficiency was only slightly improved with longer incubation time ( Reporter was at 1x (50nM), and input was at 3x. Fluorescence in cells was measured using flow cytometry. For each chemistry, fluorescence in cells was measured using flow cytometry and normalized to the signal of the inactive reporter (-). Error bars represent the standard deviation of at least two experiments. c, Overlap of fluorescently labeled reporter and input following sequential transfection. The reporter and input were labeled with ATTO488 and TYE563, respectively, and transfected into CHO K1 cells at 50 nM using Lipofectamine RNAiMAX (Life Technologies). The reporter was first delivered to the cells, and allowed to incubate for 2 or 4 hours. The cells were washed twice with 1x PBS. Then the input was delivered to cells, allowing incubation for another 2 or 4 hours as indicated on top of each panel. Cells were washed twice with 1x PBS, and MEM/alpha media + 10% FBS was added for a final two hour incubation. The signal from reporter activation is normalized to the reporter signal (i.e. TYE665/TYE563) to give a measure of the efficiency of reporter activation.
S11 Reporter activation in both CHO K1 and HeLa cells
Reporter activation in both CHO K1 and HeLa cell lines increased by~5 fold when treated with 1x input. However, cells transfected with a "pre-activated" reporter displayed a considerably higher signal.
Supplementary Fig S11. Cells transfected with the pre-activated reporter exhibit a stronger signal than those transfected with the reporter + input. a & b, Flow cytometry data of the fluorescence signal from CHO K1 and HeLa cells, respectively, transfected with either the activated reporter + dsRNA loading control (GL2), the reporter with GL2, or the reporter with 1x input. 1x is 50 nM. Error bars are standard deviation.
S12 Localization of fluorescent signal in CHO K1 and HeLa cells
To determine the localization of the activated and quenched reporters at 6 hours post delivery, we quantified the fluorescent signal in fixed CHO K1 and HeLa cells in images taken using a confocal microscopy. In the case of the 2'OMe RNA system, the fluorescent background signal emanates from the cytoplasmic granules as well as from the nucleus and cytoplasm. After the addition of the input, the signal increases in all compartments, indicating that the activated reporter has access to all of the compartments. Given the considerable difference between the buffers we use when measuring strand exchange reactions in vitro and the conditions found in intracellular compartments, we also tested strand exchange reactions in buffer conditions that more closely mimic those found in the endosomal pathway (Fig. S8 ).
Supplementary This gives an idea of from where the signal originates, but not the activation efficiency. ii. The sum of the intensity in each compartment and the total volume of each compartment (cytoplasmic granules, the nucleus and the cytoplasm) was also calculated and used to calculate a proxy for the concentration of the signal.
S13 Effects of covalent modifications on OR logic gates
We engineered the OR gates using either 2'OMe RNA (sequences in Table S11 ) or PS 2'OMe RNA (sequences in Table S12 ) and tested their specificity using scrambled toehold inputs (Fig. S13) . In a cell free setting, both chemistries successfully activated the reporter using complementary inputs, and negligible leakage was observed when scrambled toehold inputs were present. However, in cells, neither system could be efficiently activated with the use of complementary inputs. The 2'OMe RNA implemented OR gate achieved 1~3 fold activation using input A, but less than two fold activation using input B. Such low activation of input B is likely caused by the degradation of the long output complex OR_BF, which is evident by the low fluorescence of the pre-annealed complex OR_BF. Although PS 2'OMe RNA implementation could not be activated well using complementary inputs, the pre-annealed complexes, OR_AF and OR_BF, were more stable in cellular environments.
To solve this problem, we engineered the OR gates and inputs by combining 2'OMe RNA strands with and without PS backbones (for detailed implementations see Fig. S14 . Sequences of OR-hybird-1 and OR-hybrid-2 see Table S13 and  Table S14 , respectively). The logic functions of both systems were first verified in a cell free setting. In cells, over 3 fold fluorescence of OR_BF was observed in both hybrid systems (Fig. S14 iii) , indicating that pairing PS 2'OMe RNA strands with 2'OMe RNA strands can improve the complex stability in cells. Moreover, OR-hybrid-2 showed~3 fold activation using either input or both together, and negligible leakage was observed when spurious inputs were present. Supplementary Fig S13. OR logic implemented using either 2'OMe RNA or PS 2'OMe RNA. a, OR logic reaction mechanism. Input A can interact with the OR gate to release OR_AF and OR_AQ complexes; input B can interact with the OR gate to release OR_BF and OR_BQ complexes. The OR gate does not have intended pathway for spurious inputs, scrambled A (scA) and scrambled B (scB). In vitro experiments of the OR gate were performed in 1x TAE/Mg 2+ at 37°C. The OR gate was at 1x (50nM); all inputs were at 3x. Panel (i) shows the activation in vitro: 1) the fluorescence of two pre-annealed products, OR_AF and OR_BF. 2) the time-course data of the OR gate using different inputs. Panel (ii) shows the activation in CHO-K1 cells. Fluorescence was normalized to the signal of inactive reporter. Error bars represent the standard deviation of at least two separate experiments. b, OR logic (the OR logic gate and all inputs) implemented using 2'OMe RNA alone. c, OR logic (the OR logic gate and all inputs) implemented using PS 2'OMe RNA alone. OR, hybrid-B, and OR_BF were hybrids of PS 2'OMe RNA and 2'OMe RNA strands; other complexes were made of 2'OMe RNA strands alone. b, OR-hybrid-2: hybrid-B and OR_BF were hybrids of PS 2'OMe RNA and 2'OMe RNA strands; other complexes were made of 2'OMe RNA alone. In vitro experiments of the OR gate were performed in 1x TAE/Mg 2+ at 37°C. The OR gate was at 1x (50nM); all inputs were at 3x. Panel (ii) shows the activation in vitro: 1) the fluorescence of two pre-annealed products OR_AF and OR_BF. 2) the time-course data of the OR gate using different inputs. Panel (iii) shows the activation in CHO-K1 cells. Fluorescence was normalized to the signal of inactive reporter. Error bars represent the standard deviation of at least two separate experiments.
S14 Image analysis of OR gates
Confocal microscopy images of CHO K1 cells transfected with OR gates are shown in Fig. S15a . Without either input present, the cells exhibited minimal fluorescence. However, in the presence of at least one input, the fluorescence of the cells increased. Activated gates were detected throughout the cell. Note that the signal is not present in all cells, this increases the variability during quantification (Fig. S15b) . 
S15 AND gate implemented with PS 2'OMe RNA
The AND logic gates were optimized using PS 2'OMe RNA (sequences are in Table S10 ). To activate AND gates, both inputs had to be added. Reporter activation was verified both in vitro and in cells (Fig. S16 ).
Supplementary Fig S16. AND logic implemented using PS 2'OMe RNA in cells. a. The design and reaction scheme of the AND logic gate and inputs. b. In vitro time-course data. The experiments were performed in 1x PBS at 37°C. Reporter was at 50 nM (1x) and inputs were at 3x. c. Cellular data using CHO K1 cells co-transfected as described. The fluorescence signal was measured using flow cytometry. Fluorescence was normalized to the inactive reporter. Error bars represent the standard deviation of at least two separate experiments. d. Representative confocal images of live cells.
S16 AND logic gate: sensitivity to scrambled targets
With regard to specificity, we tested our AND logic gate using two spurious targets, "scrambled A (scA)" and "scrambled B (scB)" that contained scrambled toeholds (Fig. S17a) . The sequences are in Table S9 . When scrambled targets (scA and scB) were present, low leakage was observed both in vitro (blue trace in Fig. S17b ) and in cells.
Supplementary Fig S17. Specificity of our AND logic gate. Gates and inputs were implemented using 2'OMe RNA. a, Reaction pathway of our AND gate. Panel (i): the designed AND gate was activated only when both correct "input A" and "input B" are present. Panel (ii): our AND logic gate was not activated by inputs with scrambled toehold. AND gate concentration was at 1x (50 nM), and all inputs were at 3x. b, AND activation in vitro time-course data, in vitro experiments were performed in 1x TAE/Mg 2+ at 37°C. c, AND activation in CHO K1 cells. Fluorescence in cells was normalized to the signal from the inactive AND gate. Error bars represent the standard deviation of at least two experiments.
S17 Image analysis of AND gates
To activate the AND gates, both inputs had to be present. Below are microscopy images of CHO K1 cells treated as described (Fig. S18a) . Based on the image analysis (S18b), the activated signal was measured within the cytoplasm. Threshold gating of cells transfected with the siRNA sensor plasmid a, Sensor plasmid. The target site of siRNA was inserted to the 3'UTR of mCitrine. The mCherry signal is used as a reference signal to adjust cell-to-cell variation in plasmid delivery. b, Data from flow cytometry measurements of CHO K1 cells either without the sensor plasmid or transfected with sensor plasmid; both sets were subsequently transfected with a double-stranded control RNA as well. A vertical threshold gate was drawn to exclude cells that with no measurable signal from the sensor plasmid. c, Gated data from cells treated with the sensor plasmid and then transfected with the indicated complexes. Samples with only one indicated gate were also transfected with a control RNA. Green and yellow signals (H2B-mCitrine) are measured in FL1-A, while FL3-A is equivalent to the red (H2B-mCherry) signal. The mCitrine signal from each cell was normalized to its mCherry signal. These values were then averaged for each sample. At least two samples were collected for each condition during each experiment, and at least two experiments were performed.
S19 Comparison of MTRIPs and mMTRIPs targeting three different mRNA species
While MTRIPs (multivalent probes) have been previously used to target mRNAs [2] , the monovalent probes utilized for strand displacement experiments (mMTRIPS) have not been characterized. Here we compared the ability of MTRIPs and mMTRIPs to target three distinct mRNAs: b-Actin (ACTB) mRNA, c-myc mRNA and poly-adenylated mRNAs. The probes targeted either 5 sites along the ACTB mRNA, 3 sites on the c-myc mRNA orthe poly-A tail (the targeting oligo consisting of a stretch of poly-T). The MTRIPs gave a higher overall signal, as would be expected given their larger number of fluorophores/probe. The results show that mRNA granules labeled by monovalent and multivalent probes are similar in number and volume, but monovalent probes have a slightly lower mean fluorescence intensity. Supplementary Fig S20. a. Schematic representation of the MTRIPS and mMTRIPS. We assembled MTRIPs and mMTRIPs that targeted three different mRNAs, b. ACTB, c. c-myc and d. poly-adenylated RNA. i. Representative images displaying the distribution of mRNA granules (white) labeled with multivalent or monovalent probes delivered to cells using SLO. ii. Quantification of the number of granules and their average intensity. iii. Comparison of the average volume of the granules. b-Actin mRNA were imaged using 5 probes (15nM each), c-myc mRNAs using 3 probes (30nM each) and polyA+ mRNAs using one probe (90nM). * indicates statistically different data according to T-test. Nuclei were stained using DAPI (blue).
Multivalent probes

S20 Characterization of sequential SLO delivery
We investigated whether sequential SLO deliveries alter the number, volume or intensity of cytoplasmic granules. We targeted either the b-actin mRNA (ACTB) or all poly-adenylated mRNAs. In the case of ACTB, we used mMTRIPs that targeted five different sites along the mRNA. Sequential SLO deliveries did not affect the number and average fuorescence intensities of the granules and only slightly their volume. Supplementary Fig S21. Characterization of sequential SLO delivery. i. Representative images displaying the distribution of ACTB mRNA (a) or poly-adenylated mRNA (b) granules labeled with mMTRIPS delivered to cells using SLO (white). After the initial SLO treatment, cells were either recovered in complete media or exposed to a second SLO treatment. ii. Quantification of the average number of granules and the mean intensity of the granules following 2 or 1 SLO treatments. iii. Quantification of the mean volume of the mRNA granules following both treatment regimes. b-Actin mRNA were imaged using 5 probes (15nM each), and poly-adenylated mRNAs using one probe (90nM). * indicates statistically different data according to T-test. Nuclei were stained using DAPI (blue).
S21 Control experiments for SLO delivered mMTRIP gates
Similarly to what observed using Lipofectamine 2000-mediated co-transfection, we verified that double-stranded inputs with orthogonal (scrambled) toeholds fail to activate the reporter in 4-way experiments using mMTRIPS. Moreover, efficient reporter quenching was observed in hybridization reactions, which were dependent on a correct input. Finally, a double-stranded input failed to quench the reporter. 
S22 Material and methods
S22.1 Sequence design
Sequences were designed using NUPACK, emphasis was placed on sequences that did not exhibit secondary structures, particularly in the toehold region. HPLC purified oligos were ordered from IDT with the indicated modifications.
S22.2 Commercially available siRNAs
Three commercially available siRNAs were used (Dharmacon, GE Healthcare). Two control siRNAs, which target firefly luciferase GL2, GL3 and the aGFP siRNA, which targets GFP and Citrine. 
S22.3 Endosome mimicking environments
To study the stability of the 2'OMe RNA gates at different pH's, we prepared series of solutions mimicking different cellular environments [1] . For pH adjustments, we used buffers based on citric acid and dibasic sodium phosphate. The redox potential of the buffers was adjusted with addition of L-cysteine (Table S2) . pH values of each buffer were verified with a pH meter. As a control, we used TAE 1x buffer with 12.5 mM MgCl 2 , pH 8.3; a buffer we commonly use for in vitro characterizations of strand displacement/exchange reactions.
The concentrations of the reporter and input gates were 50 and 150 nM, respectively. Each solution also contained polyT strand at a concentration 1 µM. 
S22.4 Cell viability staining
Cell viability staining was performed following the manufacturer's instructions. Briefly, following the indicated treatments, cells in 24 well plates were treated with 100 ml of 0.25% trypsin at 37 ºC for~5 min to dissociate them from the plate surface. The trypsin was quenched with 200 ml 1x PBS + 2% FBS + 0.2 ml/ml SYTOX Green dead cell stain (Life Technologies Cat# S34860). The plate was immediately protected from light and cooled to 4 ºC and incubated for 1 hour. Following the incubation the fluorescence was quantified using a BD Accuri C6 Flow cytometer.
S22.5 Flow cytometry data processing
For all flow cytometry experiments we made use of a BD Accuri C6 flow cytometer. FL1-A measures excitation from a 488 nm laser through a 533/30 filter. We used this to quantify the signal from Citrine (fluorescent protein) and ATTO488N (fluorophore label). FL3-A measures excitation from the 488 nm laser through a 610/20 filter (in our experience, this yields qualitatively similar results to using FL2-A, which uses the same laser, but a 585/40 filter). We used this filter/laser combination to measure mCherry (fluorescent protein) and/or the TYE563 fluorophore. FL4-A pairs a 640 nm laser with a 675/25 filter. This was used to measure the signal from the TYE665 fluorophore. A gate based on forward scattered-height (FSC-H) vs. forward scattered-area (FSC-A) was used to capture a population of a somewhat uniform size. For CHO K1 cells, the gate was generally drawn between 1.5-4 x 10 6 FSC-H and 2-3.8 x 10 6 FSC-A (see Fig. S23 ). This particular gate was used in all experiments in which we used CHO K1 cells. When analyzing HeLa cells, a different gate was drawn in the same manner.
Compensation for signal spillover is performed as follows. We measured cells delivered with single fluorophore-labeled 2'Ome RNA complexes for each channel, and estimate the spillover. Specifically, we used (1) the ATTO488N fluorophore to measure the FL1 spillover (Fig. S23b) , (2) the TYE563 fluorophore to measure the FL3 spillover (Fig. S23c) , and (3) the TYE665 fluorophore to measure the FL4 spillover (Fig. S23d) . Some degree of spillover was observed for all channels, though to a much greater degree between green and red (FL1 and FL3); signal spillover was then fitted to estimate the signal crossover slopes. Once the slope of spillover is known, a spillover matrix (SM) can be made as follows: 
S22.6 Confocal Microscopy images for AND and OR gates measurements S22.6.1 Preparing cells for transfection
The day before the experiment, CHO K1 cells were plated at 25,000 cells/well in an uncoated, g-irradiated glass-bottom 24 well plate (MatTek Corporation, part no. P24G-1.0-13-F). Cells were grown overnight and then transfected as previously described for flow cytometry experiments. Following treatment, cells were stained with LysoBlue (Abcam) stain at a final concentration of 0.05 uM one hour before microscopy to stain lysosomes.
S22.6.2 Confocal microscopy
Microscopy images were taken using Zeiss 510 META confocal microscope. Cells were imaged at room temperature in ambient air. We used four channels for measurement: "green" for nuclear fluorescence, "blue" for lysosome fluorescence, "red" for nucleic acids fluorescence and "DIC" for visible channel. The raw data were saved in .lsm format.
S22.6.3 Data processing
Raw data (Fig. S24) were transformed to .tiff format using ImageJ. For further processing, we used custom-made Python scripts. Nuclear (Fig. S24e ) and lysosome masks (Fig. S24f) were created by thresholding the intensity of the green and blue channels correspondingly. In the DIC channel, the area occupied by cells looks more rough than unoccupied bottom of the plate. To measure this 'roughness,' we created a matrix of standard deviations of 20 neighbor points at each point of an image, with the standard deviations between points and their neighbors being higher in the presence of a cell than the empty plate bottom. We thresholded that matrix to obtain cellular mask (Fig. S24g) . To obtain cytoplasm mask (S24h), we performed a XOR operation with the cellular and nuclear masks. To filter out lysosome stain found outside of cells or within the nucleus we performed an AND operation with the cytoplasm and lysosome masks, obtaining a refined lysosome mask (Fig. S24i) .
After that, we created a cytoplasm mask that does not contain lysosomes (Fig. S24j) . We identified edges of the nuclear mask and used obtained edge mask to show on the images below. We applied the masks to the red channel to select fluorescence from the area of interest. The nuclear mask was applied to obtain nuclear fluorescence; the refined lysosome mask was used for lysosome fluorescence; the cytoplasm mask without lysosomes was used for cytoplasmic fluorescence, and the sum of nuclear and lysosome-free cytoplasmic masks was used to obtain non-lysosome fluorescence.
Fluorescence of each point was summarized and divided by the total number of points, in order to obtain an average fluorescence in an area of a particular image. Finally, fluorescences obtained per picture were averaged to get the numbers presented in Fig. S16 and Fig. S22 . Tables of sequences   Table S3 . Domain sequences of our 4-way strand exchange systems. All sequences start from the 5' end. The number in parenthesis followed by an alphabetic letter indicates the length of a long domain. For example, "a(22)" indicates the length of domain "a" is 22-bp. Table S4 . Strand sequences of different covalent modifications for our 4-way strand exchange system in Fig. 2 . The length of the domain "a" here is 16-bp. The corresponding DNA domain sequences are in Table S3 . <2* a>-TYE665 (PS 2'OMe RNA) mG*mU*mA*mA*mG*mA*mG*mUmAmGmGmAmGmU mG*mG*mA*mG*mG*mU*mG*mA/3TYE665/ 22 RQ-<a* 1*> (PS 2'OMe RNA) /5IAbRQ/mU*mC*mA*mC*mC*mU*mC*mCmAmCmUm CmCmUmA*mC*mA*mU*mU*mC*mC*mC 22 <a* 2> (PS 2'OMe RNA) mU*mC*mA*mC*mC*mU*mC*mCmAmCmUmCmCmU mA*mC*mU*mC*mU*mU*mA*mC 22 <1 a> (PS 2'OMe RNA) mG*mG*mG*mA*mA*mU*mG*mUmAmGmGmAmGmU mG*mG*mA*mG*mG*mU*mG*mA 22 Table S5 . Strand sequences of different covalent modifications for our 4-way strand exchange system in Fig. S4 . The length of the domain "a" in this table is 22-bp. . The corresponding DNA domain sequences are in Table S3 . <2* a>-TYE665 (PS 2'OMe RNA) mG*mU*mA*mA*mG*mA*mG*mUmAmGmGmAmGmUmGmGmAmG mGmUmG*mA*mU*mG*mA*mU*mG*mA/3TYE665/ 28 RQ-<a* 1*> (PS 2'OMe RNA) /5IAbRQ/mU*mC*mA*mU*mC*mA*mU*mCmAmCmCmUmC mCmAmCmUmCmCmUmA*mC*mA*mU*mU*mC*mC*mC 28 <a* 2> (PS 2'OMe RNA) mU*mC*mA*mU*mC*mA*mU*mCmAmCmCmUmCmCmAmC mUmCmCmUmA*mC*mU*mC*mU*mU*mA*mC 28 <1 a> (PS 2'OMe RNA) mG*mG*mG*mA*mA*mU*mG*mUmAmGmGmAmGmUmGmG mAmGmGmUmG*mA*mU*mG*mA*mU*mG*mA 28 Table S6 . Strand sequences of three-color 4-way strand exchange controls (Fig. S6) Table S7 . Domain sequences for testing the effects of different lengths of toeholds and double-stranded regions (Fig. S1 ). Table S8 . Strand sequences for testing the effects of different lengths of toeholds and double-stranded regions (Fig. S1 ). Domain sequences are in Table S7 . Table S9 . Strand sequences for our AND logic gate implemented using 2'OMe RNA. The length of the domain "a" here is 10-bp. The corresponding DNA domain sequences are in Table S3 . Table S10 . Strand sequences for our AND logic gate implemented using PS 2'OMe RNA The length of the domain "a" is 10-bp. The corresponding DNA domain sequences are in Table S3 .
Strand
Domain
Strand
Strand Sequence Length (nt) <3* b 2* a>-TYE665 mU*mC*mA*mU*mC*mA*mC*mAmAmCmAmCmAmC mAmCmAmCmAmCmCmCmGmUmAmAmGmAmGmU mAmGmGmAmGmUmG*mG*mA*mG*mG*mU*mG*mA /3TYE665/ 32 RQ-<a* 1* b* 4*> /5IAbRQ/mU*mC*mA*mC*mC*mU*mC*mCmAmCmU mCmCmUmAmCmAmUmUmCmCmCmGmGmGmUmG mUmGmUmGmUmGmUmGmUmU*mG*mG*mU*mA* mG*mU*mU 32 <a* 2> mU*mC*mA*mC*mC*mU*mC*mCmAmCmUmCmCmU mA*mC*mU*mC*mU*mU*mA*mC 16 <1 a> mG*mG*mG*mA*mA*mU*mG*mUmAmGmGmAmGmU mG*mG*mA*mG*mG*mU*mG*mA 16 <b* 3> mG*mG*mG*mU*mG*mU*mG*mUmGmUmGmUmGmU mU*mG*mU*mG*mA*mU*mG*mA 16 <4 b> mA*mA*mC*mU*mA*mC*mC*mAmAmCmAmCmAmC mA*mC*mA*mC*mA*mC*mC*mC 16 Table S11 . Strand sequences for our OR logic gate implemented using 2'OMe RNA. The length of both domains "a" and "b" are 16-bp. The corresponding DNA domain sequences are in Table S3 . Table S12 . Strand sequences for our OR logic gate implemented using PS 2'OMe RNA. The length of both domains "a" and "b" are 16-bp. The corresponding DNA domain sequences are in Table S3 .
Strand Sequence Length (nt) <3* b a* 1*> mU*mC*mA*mU*mC*mA*mC*mAmAmCmAmCmAmC mAmCmAmCmAmCmCmCmUmCmAmCmCmUmCmC mAmCmUmCmCmUmA*mC*mA*mU*mU*mC*mC*mC 44 <2* a>-Cy5 mG*mU*mA*mA*mG*mA*mG*mUmAmGmGmAmG mUmG*mG*mA*mG*mG*mU*mG*mA/3Cy5Sp/ 22 RQ-<b* 4*> /5IAbRQ/mG*mG*mG*mU*mG*mU*mG*mUmGmUmG mUmGmUmU*mG*mG*mU*mA*mG*mU*mU 22 <a* 2> mU*mC*mA*mC*mC*mU*mC*mCmAmCmUmCmCmU mA*mC*mU*mC*mU*mU*mA*mC 22 <1 a> mG*mG*mG*mA*mA*mU*mG*mUmAmGmGmAmGmU mG*mG*mA*mG*mG*mU*mG*mA 22 <a* 5> mU*mC*mA*mC*mC*mU*mC*mCmAmCmUmCmCmU mA*mC*mA*mA*mU*mG*mA*mC 22 <4 a> mA*mA*mC*mU*mA*mC*mG*mUmAmGmGmAmGmU mG*mG*mA*mG*mG*mU*mG*mA 22 <b* 3> mG*mG*mG*mU*mG*mU*mG*mUmGmUmGmUmGmU mU*mG*mU*mG*mA*mU*mG*mA
22
<4 b> mA*mA*mC*mU*mA*mC*mC*mAmAmCmAmCmAmC mA*mC*mA*mC*mA*mC*mC*mC
<6 b> mU*mU*mA*mC*mC*mU*mC*mAmAmCmAmCmAmC mA*mC*mA*mC*mA*mC*mC*mC 22 <b* 5> mG*mG*mG*mU*mG*mU*mG*mUmGmUmGmUmGmU mU*mG*mA*mA*mU*mG*mA*mC 22 Table S13 . Strand sequences for our OR hybrid-1. The length of both domains "a" and "b" are 16-bp. The corresponding DNA domain sequences are in Table S3 . <b* 5> (PS 2'OMe RNA) mG*mG*mG*mU*mG*mU*mG*mUmGmUmGmUmGmU mU*mG*mA*mA*mU*mG*mA*mC 22 Table S14 . Strand sequences for our OR hybrid-2. The length of both domains "a" and "b" are 16-bp. The corresponding DNA domain sequences are in Table S3 . 
